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This invention relates to an improved buta- 
diene-acrylonitrile rubbery copolymer having 
substantially improved processing characteristi.cs 
and to compositions comprising this improved 
elastomer and a thermoplastic resin. The in- 
vention also relates to a simple method of mak- 
ing the improved butadiene-crylonitrile rubbery 
copolymer of our invention from ordinary buta- 
diene-acrylonitrile rubbery copolymer. 
One of the difficulties which has been en- 
countered in the past in utilizing butadiene- 
acrylonitrile rubbery copolymers has been that 
such copolymers bave been excessively nervy and 
gristly. As a result if has been deemed essential 
to subject such rubbery copolymers to a pro- 
longed break-down on a cold mfll and to incorpo- 
rate therewith substantial amounts of plasti- 
cizers or processing aids in order to make them 
smooth and processible. The intractable char- 
acteristic of the rubbery copolymers is mani- 
fested when if is attempted fo mix them with 
thermoplastic resinous materials, resulting in 
difficulty of incorporation and roughness in the 
finished compositions. 
We bave discovered a new type of butadiene- 
acrylonitrile rubbery copolymer which avoids the 
disadvantages of butadiene-acrylonitrile rubbery 
copolymers heretofore avaflable. Out new buta- 
diene-acrylonitrile rubbery copolymer is char- 
acterized by having a methyl ethyl ketone-in- 
soluble gel content ranging from 40% upwardly 
fo 100%, this gel having a swelling index of from 
8 to 35 determined in methyl ethyl ketone, and a 
Mooney viscosity o£ from 40 fo 80 af 212 ° F. 
Out invention is based upon the discovery that 
rubbery butadiene-acrylonitrile copolymers hav- 
ing these characteristics exhibit greatly improved 
processing properties and much lower shrinkage, 
and blend much more smoothly and easily with 
thermoplastic resins to give compositions free 
from surface roughness and having great!y im- 
proved physical characteristics. 
The methyl ethyl ketone-insoluble gel content 
of a butadiene-acrylonitrile rubbery copolymer 
can be determined by extracting at room temper- 
ature in the dark for 24 hours rhin strips of the 
rubbery copolymer with peroxide-free methyl 
ethyl ketone, which dissolves the sol portion of 
the rubber, leaving the gel undissolved. That 
portion of the methyl ethyl ketone-insolub!e gel 
which cannot be changed by milling (either in 
the cold or at elevated temperature) to a form in 
which it is soluble in cold methyl ethyl ketone is 
herein referred to for convenience as "tight" gel. 
Tight gel is further characterized in that if bas a 

relatively low swelling index, measured in per-. 
oxide-free methyl ethyl ketone. 
The gel with which the present invention is 
concerned is tight methyl ethyl ketone-insoluble 
5 gel. The levels of such gel contemplated by the 
present invention are fo be distinguished from 
the levels of toluene-insoluble "B" gel contem- 
plated in the copending application of Lawrence 
E. Daly, Serial No. 59,779, now U. S. Patent 
10 2,550,139. Daly measures the content of gel 
which is insoluble in toluene whereas the present 
inventors measure the content of gel which is in- 
soluble in methyl ethyl ketone. These two sol- 
vents exhibit entirely different sol¢ent action 
15 upon the materials in question. Therefore the 
difference in solvents used fo determine gel is 
very important. When butadiene- acrylonitrfle 
rubber is masticated at temperatures ranging 
from about 300 ° F. upwardly, there is a definite 
20 correlation between the building up of toluene- 
insoluble "B" gel and tight methyl ethyl ketone- 
insoluble gel. For example, when a conventional 
butadiene-acrylonitrile rubbery copolymer such 
as "Paracril 35NS90" is ground on the mfll at 
25 300 ° F., ai the rime when the toluene-insoluble 
"B" gel level bas reached 50%, the tight methyl 
ethyl ketone-insoluble level will only be about 
24%; when the tight methyl ethyl ketone-in- 
soluble gel content bas reactled 40 %, the toluene- 
30 !nsoluble "B" gel level will be around 66% which 
ls considerably in excess of the upper value speci: 
fied in the aforementioned Daly application. 
The nature of the methyl ethyl ketone-in- 
soluble gel in the improved butadiene-acrylo- 
35 nitrile rubbery copolymer of out invention can be 
determined by measuring the swelling index of 
the gel in peroxide-free methyl ethyl ketone. 
The swelling index is defined as the ratio of the 
weight of the gel sample when if is swollen with 
40 methyl ethyl ketone (as if will be at the con- 
clusion of the solvent extraction referred o pre- 
viously) fo the weight of the gel sample after the 
methyl ethyl ketone bas been evaporated there- 
from. The swelling index of "loose" gel (which 
45 differs from tight gel in that it is rendered 
soluble by cold or hot mastication) is relatively 
high, commmly ranging from !00 upwardly, 
while the swelling index of tight gel is low, hot 
exceeding 35. Thus, the swelling index is a 
50 measure of the type of gel present. The lower 
the swelling index, the tighter the gel, since the 
more nearly if approaches complete insolubility 
in methyl ethyl ketone or other solvents for the 
-gel portion of the rubbery copolymer. Swelling 
55 indices less than 35 and particularly those which 
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a.re less than 25 indicate complete or nearly com- 
plete absence of loose gel in the methyl ethyl 
tone-insoluble portion of the rubbery copolymer. 
The specified ranges for gel content, gel swell- 
ing index and Mooney viscosity are critical and if 5 
is essential that they be observed. If any one of 
the three stecified propertîes of the rubbery co- 
polymer.falls outside the ranges specified for that 
particular property, the processing character- 
istics or physical properties of the resulting co- I0 
polymer or of the blends thereof with thermo- 
plastic resins are seriously impaired in one or 
more respects For example, if the methyl.ethyl 
ketone-insoluble gel content is below 40%, the 
product bas poor processing characteristics, is 15 
rough, and exhibits high shrinkage. If the 
swelling index is greater than 35, the processîng 
characteristics are impaired; this is attributed fo 
the presence of substantial amounts of loose gel 
which is undesirable from the standpoint of proc- 
essabflity. We pr.efer that no substantial 
amount (hot over 5% of the copolymer) of loose 
gel be present. 
If the Mooney viscosity îs lower than 40, proc- 
essing characteristîcs are satisfactory but the 9.5 
physical properties of the rubbery copolymer and 
of the blends with thermoplastic resins are 
seriously impaired. Thus, the hardness, flexural 
strength, and modulus of the resulting blends are 
objectionably reduced. In addition, rubbery 
polymers having a lVooney viscosity below 40 are 
so sort that storage, shipping and handling are 
diflicult because of the extreme tendency of the 
material fo flow together upo] sta.nding for a 
short rime. If the Mooney viscosity is mateïially 35 
above 8.0, either some physical properties, or the 
processabiIity, or both, may be poor. 
Optimum results are achieved when the methyl 
ethyl ketone-insoluble gel content of the rubbery 
copolymer ranges from 50 to 75%, the swellflug 40 
index ranges from 10 fo 25, and the Mooney vis- 
cosity ranges from 45 to 
tadiene-acrylonitrîle rubbery copolymers having 
properties within these ranges are preferred. 
The rubbery butadiene-acrylonîtrile copo]y- 4 
mers of our invention will usually contain fïom 
15 to 45 weight percent of combined acrylonitrile 
and more commonly from 20 fo 40 weight per 
cent of combined acrylonitrile. The practical 
limits for combined acrylonitrile content may 0 
vary with the method used in producing the co- 
polymer of our invention. For example, when 
this copolymer is ruade by hot-milling, in the 
manner described in detail below, the acrylo- 
nitrfle content will range from 20 to 45 weight 
percent al]d preferably between 25 and 40 weight 
percent. In the case of a rubbery cotolymer 
ruade directly by emulsion polymerization in the 
manneï described hereinafter, the practical lower 
limit for the acrylonitrile content may be some- 0 
what lower tha.n for the hot-milling process, 
and may be as low as 15 weight percent. 
The balance of the rubbery copolymer of out 
inventîon is mainly or entirely butadiene. As 
will appear more fully hereinafter, when the 
rubbery copolymer of out invention is made di- 
rectly by an emulsion polymerization procedure 
if may contain up to a few percent of a cross- 
linking monomer. This cross-lînking monomer 
is a bi-functional compound having two poly- 70 
merizable groups which are capable of joining 
or cross-linking molecular groups fo form a cross- 
linked or gel structure. The cross-linking agent 
is used in such an amount and in such a. way 
s fo give a product having a,t least 40% of methyl 

ethyl ketone-insoluble gel and otherwise con- 
forming fo out invention but hot in an amount 
such as to yield a product which is 3o highly 
cross-linked that it is no longer rubber-lîke and 
cannot be handled by the usual rubber tech- 
niques. 
The rubbery copolymers of our invention may 
alternatively or in addition to any such cross- 
linMng agent, contain small amounts of other 
monomers 'hich do hot essentially change the 
.nature..ofthe butadiene-acrylonitrile rubbery 
copolymer. 
The rubbery butadiene-acrylonitrile copoly- 
meÆ of. out invention can be calendered fo smooth 
sheets or extruded to give perfectly smooth 
shapes, in this respect differing from ordinary 
butadiene-acrylonitrile rubbe:¢ copoiymer. The 
rubbery copolyner of out invention may be com- 
pounded with lcanizing gredients and other 
rubber compounding materials and vulcanized in 
the conventional manner. The resulting /nlcan- 
izates bave good physical properties and in gen- 
eral display an appreciably higher modu!us 
than similar vulcanizates prepaïed from oïdi- 
nary butadiene-acrylonitrile rubbery copolymers. 
However, if should be pointed out that in the 
case of those rubbery butadiene-acrylonitrile co- 
po]ymers of out invention which contain more 
than about 75% gel, the reinforcement effected 
by admixture "vith carbon black is not so pro- 
nounced as it is in the case of ordinary buta- 
diene-acrylonitrile rubbery copolymers, the ton- 
son for this atparently being that at such high 
gel levels the carbon black does hot reinforce 
the gel content but overloads the sol portion 
of the rubber. Apparently the carbon black 
disperses with difficulty in the gelled phase with 
the result that if overloads the non-gel portion 
of the copolymer. 
We bave found it. advantageous fo blend the 
cotolymers of out invention with ordinary buta- 
diene-acrylonitrile rubbery copo!ymers, or with 
any other rbbery material with which they are 
compatible. The mixtures thus prepared also 
bave better processability and higher modulus 
than ordinary butadiene-acry!onitrile rubber. . 
In a particularly advantageous embodiment of 
out invention, the rubbery butadiene-acryloni- 
trile copolymers of our invention may be blended 
by al]y suitable method with hard inelastic resin- 
ous thermoplastic cotolymers fo ferre improveçl 
thermoplastic resin-rubber compositions. 
the use of out butadiene-acrylonitrile rubbery 
copolymers in the preparation of such resioE- 
rubber composîtions, greatly improved proces- 
ability and botter physical properties are 
tained. 
The resinous comportent of such thermoplastic 
mixtures is a thermoplastic, normally hard, in- 
elastic (i. e., it is non-rubbery and bas an elon- 
gation of less than 5%) polymer selected ïrorn 
the group consisting of copolymers of a styrene, 
such as styrene itse!f, a!pha-methyl styrene, 
para-methyl stYrene, a]pha-methyl p-methyl 
styrene, 2-chlorostyrene, 4-chlorostyrene or 2,4- 
dichlorostyrene, with acrylonitrile; polyvinyl 
chloride; and copolymers of a major proportion 
of vinyl chloride with a minor proportion of 
another copolymerizable monorner, e. g., a 
polymer of 85 to 95% vinyl chloride and corre- 
spondingly 15 to 5% vinyI acetate, vinylidene 
chloride or other suitable copolymerizable mon- 
orner. 
We offert prefer to employ hard, inelastic 
thermoplastic resinous cololymers of monomers 



cbnsisting eSsentially of from 50 fo 85 % by weight 
of a styrene and correspondingly from 50 fo 15% 
by weight of acrylonitrfle. The styrene-acryloni- 
trfle resin has an ultimate elongation of less 
than 5 % and is brittle at room temperature. It 
can be ruade .'by the emulsion polymerization pro- 
cedure disclosed in U. S. Patent No. 2,140,048, 
using a large amount of monomeric styrene, 
e. g. 50 to 85% by weight of the styrene in the 
binary mix of monomers, the proportion of 
m0nomeric acrylonitrfle correspondingly ranging 
from 15 to 50%' by weight. In this manner, nor- 
nlly hard, resinous copolymers, which are non- 
iubbery at i'oom temperatures, are obtaina'ble 
with corresponding softening points ranging from 
about 90 ° C. to about 108 ° C. Increase in the pro- 
portion of acrylonitrfle gives an increase in the 
softening temperature of the resin obtained which 
in turn provides for a final resin-ruhber mixture 
which is more resistant to.deformation at higher 
temperatures. 
In more detail, the thermoplastic hard nor- 
mally inelastic synthetic resin may be prepared 
by the emulsion copolymerization of styrene and 
acrylonitrfle as disclosed in U. S. Patent No. 
2,140,048, in the presence of an emulsifying agent 
and a polymerization catalyst. The customary 
regulators or modifiers used in making GR-A 
(Buna N) may be included, such as those oï the 
mercaptan or other type. A convenient recipe is: 
Parts by weight 
Water ............................... 18000' 
Peroxidic caalyst .................... 0.1-1.5 
8tyrene .............................. 85'-50 
Acrylonitrile ......................... 15-50 
Emulsifying agent .................... 0.5-1.50 
Modifier ..................... _'_ ...... 0-1 
After the auto clave, which is equipped .with a 
stirrer, is charged with the mixture if is heated 
with stirring until there has ,'been a 90 % or ber- 
ter conversion to the desired copolymer resin. 
Time and temperature are correlated. The tem- 
peratures may range from 80 ° F. to as high as 
200 ° F.; ai 95 ° F., about 1014 hours are needed. 
The coagulation may be carried out, with stir- 
ring, in any of the conventional ways, by acid 
(e. g., acetic acid), or salt solution, af room tem- 
perature or higher; coagulation by heat may also 
be employed. The coagulate is separated ..by fil- 
tration or otherwise, washed with water and dried 
to produce a friable powder. The material may 
also be .prePared in resin powder form by spray- 
drying the synthetic latex. The solid resin ai 
room temperatures, such as 2O ° C., ls lacking in 
elastic (rubber-like) properties; if can be mflled 
to form a sheet which is hard, tough and brittle 
ai ordinary room temperatures. If bas u soften- 
ing temperature of about 195 ° F. fo about 226 ° F., 
varying within these limits according to the com- 
bined acrylonitrile content and the degree of 
completeness to which the polymerization is car- 
ried. The white solid or powder is capable of 
being mflled or molded to a hard tough product, 
softening at from 10 fo 25 ° C. higher than pure 
polystyrene which has a softening point of about 
80 ° C. The ,preferred products for use in this in- 
vention are those having a combined acrylonitrile 
content of 20 to 30% and an intrinsic viscosity in 
dimethylformamide of 1 to 2. As is well-known 
to those skflled in the art, the relative proportions 
of styrene and acrylonitrile in the feed determine 
the percentage of acrylonitrile in the finished 
polymer. The percentage of acrylonitrile in the 
finished polymer is hot however the saine as in 

the charge..For example, a 50-50charge wfll 
give an acrylonitrile content in the polymer of 
the ortier of 45% whereas charging 15% acrylo- 
nitrile and 85 % styrene wfll give a polymer having 
5 an acrylonitrile content of the order of 12%. 
Thus, those skilled in he art can readfly select a 
monomeric charge giving a polymer containing 20 
to 30% combined acrylonitrile.. As to intrinsic 
viscosity, this is affected by the nature and 
lo amount of the modifier used. InEreasing the 
amount of the modifier such as dodecyl mercap- 
.tan wfll effect a decrease in he intrinsic viscosity 
o£ the polymer. Thus, one skilled in the art can 
 readily select the modifier and amount thereof to 
15 produce a po]ymer having an intrinsic viscosity 
within the above limits. Futhermore, several 
styrene - acrylonitrile resinous copolymers  are 
available commercially and one skilled in he art 
can by standard methods of analysis select thoee 
20 resins having the preferred acrylonitrfle content 
and intrinsic viscosity set out above. 
Other methods of preparing the styrene-acrY- 
lonitrfle resin, such as bead polymerization and 
en masse polymerization, may also be used. . 
25 Homogeneous intermixture of the hard ther- 
moplastic resin with the butadiene-acrylonitrfle 
rubbery copolymer of out invention is effected on 
a rubber mill, in a Banbury mixer or by means 
of any other sultable mixing apparatus. 
30 In the case of those rubbery copolymers of our 
invention whtch are marie directly by emulsion 
polymerization and therefore are available in 
latex form, such latices may be mtxed wtth latices 
of the resin ruade by emu]sion polymerizatton, 
35 and the resulting mixture subjected fo coagula- 
tion fo give a material which after washing and 
drying is in the form of a powder which may then 
be massed or solidified by milling for a short 
rime at an elevated temperature, for example 
40 during the admixture of desired pigments, fillers 
or other ingredients, and may thereafter be given 
any desired shape. 
The relative proportions of the thermoplastic 
resin and the rubbery copolymer of our inven- 
45 tion will generally vary between 25 and 90% by 
weight of the resinous ingredient and correspond- 
ingly from 75 to 10% by weight of the rubbery 
butadiene-acrylonitrile copolymer, these propor- 
tions being based on the sure of the weights of 
50 the resinous material and the rubbery copolymer. 
As the proportion of the hard resin is increased, 
the hardness and tensile strength of the resultant 
 composition are increased. The mixtures con- 
tairdng from 25 up to 50% by weight of the hard 
55 resin result, after vu]cantzation in the conven- 
tional manner, in tough, flexible, leather-like 
materials which are exieptionally strong and 
highly reststant to abrasion and scuffing, being 
from 100 to 500% better than genulne leather in 
60 wear tests. In this range of proportions, it ls 
preferred to add vulcanizing agents to the mix- 
ture and to vulcanize the resulting blends. The 
preferred vulcanizing agent is su]fur which 
should be used in such an amount as wou]d vu]- 
65 canize the rubbery copolymer fo a sort vu]canized 
state if such rubbery copolymer were cured 
alone. Generally from /2 to 5 parts of su]fur 
based on each 100 parts of total resin-rubber 
mixture are employed. Other vulcanizing in- 
70 gredients such as vulcanization accelerators, ac- 
tivators, etc. may be employed in addition to the 
su]fur. 
When the hard resin content is increased to 
values ranging from 50% up to 90%, preferably 
75 about 60 to 80 %, of the resin-rubber mix, mold- 
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în compositions result wtch can e shaped or 
formed to any desired contour under heat and 
pressure. The products are barri, tough and 
horny in contrast to the leather-Iike compositions 
containing Iess than 50% of the hard resin. 
Those bIends which contain from 50% to 80% of 
the hard resin manifest extremely high tough- 
ness and impact resistance. When the resin 
used in amounts ranging from 50 fo 90% of the 
resinblend, itis not necessary to vuIcanize the 
mixture and it is generalIy prefered hot fo 
çuIcanize it, in order to permit reutiIizàtion of 
scrap material. 
The rubbery butadiene-acrylonitrlWcopolymer 
of our ïnventi0n can be marie in many different 
ways including those set ou beiow. 
one method of making thè butadiene-acryIoni- 
trile rubbery copoIymers of our invention com- 
prises masticating ordinary commerciaIIy avaiI- 
able rubbery butadiene-acryIonitriIe copoIymers 
ata temperature of from 300 ° F. to 360 ° F. untiI 
the copol.zner bas the above-specifled values for 
methyI ethyI ketone-insoluble gel content, sweI1- 
ing index of gel in methyl ethyl ketone, and 
Mooney viscosity af 212 ° F. This hot mastication 
may be effected either on an open rubber mil1 
or in a ciosed internaI mixer, especially a Ban- 
bury miel. When an open rubber miIIis 
ployed, the stocI temperature should hot be al- 
I0wed to exceed 340 ° F., in order fo prevent 
teri0rtion and scorching. In the Ba/bury the 
temperatUre of the stock can rlse as hgh as 
360 ° F. without injuring it. It is generaIly hot 
possible by the hot mastication method to buiId 
u the methyI ethyI ketone-insolubIe gel content 
of the copolymér to a value in excess of 5%. 
Accordingly, when gel values in excess o 5% 
are desired, it is necessay to use other methods 
such as those described hereafter. 
Ordinary commercial rubbery butadiene-acryl- 
onitriIe copol.zner usually contains from 0 to 
20% of methyl ethyI ketone-insoIuble gel but this 
gel ïs usuaIIy mainly or entirely "Ioose" gel, hav- 
lng an extremely high swetling index in methyl 
ethyI ketone, and does hot serve the purpose 
served by the content of tight gel required by out 
invention but on the contrary interferes with 
processing and smoothness of product. 
The changes occurring when ordfluary com- 
merciaIly available rubbery butadiene-acryIo- 
nitrile copolymer is subjected fo hot milling at 
300 ° F. to 340 ° F. on the open rubber mill fo pro- 
«luce one form of rdbbery butadiene-acryIonitrile 
 COpOlymer embraced by out invention, and the 
changes effected in blends of the transformed 
rubbery copolymer with styrene-acryIonitrile 
resinous copolymer, can be more fully understeod 
by reference to Fig. 2 of the accompanying draw- 
ings, which fllustrates graphically the variations 
Lu the ..IYIooney viscosity and the methyl ethyl 
ketone-insoIub!e gel content of the rubbery co- 
potymer, and in the sweIling index of the methyI 
et.hyl, ketene-insoluble gel, with rime of hot milI- 
ing, and which also illustrates the variation in 
.physical properties of the resin-rubber composi- 
tions obtained by mixing the thns-milled rubber 
With a st'rene-acrylonitrile resinous copolymer. 
In obtaining the data upon which the cuwes 
of Fig 2 are based, a 12-inch Iaboratory two- 
roi1 open rubber milI was empIoyed in milling the 
rubber comportent. When a larger, plant-sized 
two-roll rubber mill is employed for hot mastica- 
tion of the rubber, the rime required to reach a 
giron set of values on the curves is generalIy 
substantialIy lengthened, but the inter-relation 
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of the sèVeral vglueS foï gel. content, gel. Swelling 
index, Mo0ney viscosity and physical prupeties 
of the resulting rubber-resin blends romain es- 
sentially unchanged. 
5 Referring to lig. 2, cutwe I shows the varia- 
tion in Mooney viscosity at 212 ° F. of Perbtman 
35NS90--a' commerciaIIy avaflable grade of rub- 
bery butadiene-acrylonitrile copolymer which 
contained about 35% by weight of combined 
10 acryIonitrfle, which contained essentially no 
methyl ethyl ketone-insoluble gel, and which had 
an initial intrinsic viscosity of about 1.8 in di- 
methyl formamide--with rime of hot milltng on 
the aforementioned laboratory rubber mill ata 
15 miI1 roll temperature of 330 ° F. (a£ter an initial 
cold milling £or 10 minutes interposed to convërt 
nearly ai1 of any loose gel present to soluble 
form). I.t wfll ho seen that the Mooney vis- 
cosity decreased from an initial value of about 
2o 60 fo a flrst minimum value of about 50 during 
the first ton minutes of hot milling, and that 
thereafter the Mooney viscosity increased with 
continued milItng to a maximum value of about 
83 at 40 minutes' hot mflling rime. During the 
25 period in which the viscosity was rising the rub- 
ber became increasingly more rough and coarse. 
Dm'ing the saine period the methyI ethyl ketone- 
insoluble gel content increased to a value of 
about 34% as is shown by curve 2. At this poïnt, 
30 as is shown by curve 3, the swelling index of the 
gel was about 34, having dropped far beIow the 
extremely high value round for the small amount 
of gel which appeared after 20 minutes of hot 
grinding and which was mainIy I0ose gel. Con- 
35 tinued hot milling beyond 40 minutes caused the 
viscosity of the rubber to drop again, reaching 
a second minimum at a value of about 53 
Mooney ai 5 minutes' miIIing ime, whfle the 
methyl ethyI ketene-insoIuble gel content at- 
40 tained a value of about 65 %. If miIling is con- 
tinued beyond this second Mooney minimum, 
the viscosity of the rubber again rses and the 
gloss and smoothness of the rubber gradually 
disappear. The gel content of the rubber in- 
45 creased relativeIy little ater this second mini- 
mum of viscosity had been passed. For these 
reasons there is no advantage in continuing the 
miIIing substantially past the second minimum 
of Mooney viscosity. In order fo obtain rubbery 
5O copolymers having gel values substantiaIly in ex- 
cess of those prevaiIing at the second minimum 
of viscosity, it is necessary to resort to other 
methods such as the fractionating method o the 
emulsion polymerization method described here- 
55 inafter. 
Considering now the physicaI properties of thc 
resinrubber compositions prepared from tle 
rubber after hot milling for various periods of 
time as previously described in connection with 
6O curves 1 to 3 of Fig. 2, we show in curve 4 the 
variation in tensiIe strength o a mixture of 30 
parts by weight of the rubber .with 0 parts by 
weight of a styrene-acrylonitrile resin prepared 
from a monomeric charge containing about 70% 
65 by weight of styrene and 30% by .weight of acry- 
lonitrile. Curve 5 shows the variation in elon- 
gation af break of such resin-rubber compose- 
tions. If will be seen that, although the initial 
effect of the hot milling is to decreaze the ten 
7O sile strength and the eIongation at break of the 
blend, continued milIing of the rubber compo- 
rtent to produce methyl ethyI ketone-insoIuble 
get contents of ai least 40% and Mooney vis- 
cosities in the range of falIing values beyond the 
75 point of maximum viscosity, which values are 
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attained concomitantly with-gel swelling indices 
of 34 or less in the particular case undèr dis- 
csSi(n, unexpectedly produces in the resin:.rub- 
ber mixtures a marked increase in elongation at 
break from a low value of about 18 to an opti- 5 
mure value of 85 and simultaneously a marked 
improvement in tensile strength from an initial 
low value of 4300 p. s. i. to an optimum value of 
5700 p. s. i. 
As previously iniicated, instead of using an 
open rubber mill fo convert ordinary commer- 
cially available butadiene-aciylonitrile rubbery 
copolymers fo the ïorm of our invention, we may 
use a closed internal mixer, especially a Banbury 
mixer. We bave round that when such an in- 
ternal type of mixer is used for masticating the 
rubbery copolymer to cause it to assume the 
characteristics specified herein, the curves of 
methyl ethyl ketone-insoluble gel content and 
of swelling index plotted against mflling rime 
show substantially the same relationship and ïol- 
low substantially the saine paths as for the 
open rubber mill, but the curve for Mooney vis- 
cosity plotted against milling rime does hot ex- 
hibit the two minima obtained when the open ':5 
rubber mill is used for the hot milling.. On the 
contrary the Mooney viscosity decreases through- 
oint the milling, finally approaching Or attaining 
a value identical with that obtained at the sec- 
ond Mooney minimum with the open rubber mill. 
These statements are substantiated by Fig. 3 of 
the drawing-which shows the effect of carrying 
out the hot milling in a 3A Banbury mixer. The 
charge to the Banbury was 140 pounds and the 
temperature of the stock ranged ïrom 330 ° F. fo 
360 ° F..The hot grinding was continued for 125 
minutes. Periodically withdrawn samples of the 
rubbery copolymer weçe blended with a styrene- 
acrylonitrile resin (rnade ffom 70% styrene and 
30% acrylonitrile) in the piopoitions of 35 parts 
of the 2ubber and 65 parts of the resin. OE will 
be seen that the Banbury-masticated butadiene- 
aciylonitrile rubbeiy copolymer is substantially 
equivalent fo that which was obtained by hot- 
mllling on he open rubber mill, in methyl ethyl 
ketone-insoluble gel content, swelling index of 45 
gel, and Mooney viscosity, and that the physical 
properties of the resulting rubber-resin blends 
are substantially equivalent to those of blends 
ruade with rubbery copolymers which bave been 
ruade by hot mastication on the open rubber mill. 5O 
The processing characteristics of the two types 
of rubbery copolymers, i. e., that made on the 
open-rubber mfll and that ruade in the Banbury,  
were equivalent.. - 55 
_ It will b¢ undersood that the curves of Figs. 
2 and 3 are based up0n tWO specific sers of con- 
ditions and that while, because of he m'anyvari- 
ables involved including the particular rubbery 
copolymer employed, the size of charge, size of 60 
mi!l, temperature maintained, etc., exact repro- 
duction of these curves in a duplication of the 
runs is quite un!ikely, nevertheless these curves 
do portray general trends which would be ob- 
tained in such duplication. Thus, although Figs. 05 
2 anà 3 are indicative of the variation .of the 
several properties poitrayed with time of hot mill- 
iflg, they are given merely to illustrate the inven- 
tion anl are hot to be taken in any way as limit- 
ing the invention. 7O 
As Previously indicated, rubbery butadiene- 
acrylonitrfle copolymers containinE more than 
75% of methyl ethyl ketone-insoluble gel hav- 
ing a Swelling index of hotover 35 in methyl 
e,tlïyl:.ket0.ne.generally _cannot be marie by ho. 5 

milling either on the open rubber mitl or in 
Banbury mixer. We have round however that 
one way of preparing such copolymers having 
in excess of 75% of such methyl ethyl ketone- 
insoluble gel and having a Mooney viscoslty with: 
in our limits involves extracting rubbery copoly- 
mers, which have been hot milled to asuita.ble 
content of such methyl ethyl ketone-ins01uble 
gel and te a suitable Mooney viscos1y, With a 
suitable solvent for the sol portior oi the rubber, 
such as mëthyl ethyl ketone, leaving .an insoluble 
residue of rubber containing up to 100% niethyl 
ethyl ketone-insoluble gel, depending up0n thè 
degree of completeness of the extraction process. ' 
Another waY of making rubbery butadiene-. 
acrylonitrile copolymers falling within the scope 
of our invention comprises carrying the emul- 
sion polymerization of butadiene and acrylo- 
nitrile to extremely high conversions, namely in 
excess of 80%, subjecting the resulting latex to a 
heat-softening process by adding thereto a ïew 
per cent of a heat-softening agent such as phenyl 
beta-naphthylamine, digesting the resulting 
latex for several hours at an elevated tempera- 
ture, coagulating the latex, washing and drying 
the coagulum and then subjecting the resulting. 
rubbery copolymer to hot-milling at 300 ° P. t0 
340 ° F. on the open rubber mill or ai 300 ° F. to 
360 ° F. in an internal mixer, such asa Banbury 
mixer, to bring the Mooney viscosity into our 
range. In this way the butadiene-acrylonitrile 
copolymer is converted to the form in which it 
ls the methyl ethyl ketene-insoluble gel con- 
tent, gel swelling index and Mooney ViscositY of 
the product contemplated by our invention. Tf 
butadiene and acrylonitrile are copolymerized 
in emulsion to high conversion and the result- 
ing latex is coagulated, the resultL-.g rubber has a 
gel content within the range specified by us, but 
it has an excessively high Mooney viscosity, and 
even though if be subjected to such hot milling, it 
will stfll be oo high in Mooney viscosity, and if 
manifests excessive roughness and is hot sa¢isfac- 
.tory. I-Iowever, if the heat-softening procesS de- 
scri.bed is pefforïned on the latex, and the dried 
coagulun is su'bjected .to hot milling in accord- 
ance with the teachings of this specification, there 
is ooEained a product which bas all the desirable 
properties discovered by us. 
Still another method of making butadiene 
acrylonitrile rubbery copolymers having "the 
values of methyl ethyl ketone-insoluble gel con- 
tent, gel swelling index and Mooney viscosity 
specified by out invention, comprises carrying 
the emulsion p01ymerization of butadieie.and 
acrylonitrile to high conversion, i. e., in excess 
of 80%, blendng the resU]ting latex in suitable 
proportions with a latex of butadiene:acryl0ni- 
/rfle rubbery copolymer having a .methyl ethyl 
ketone-insoluble gel content of zero and an 
.remely low Mooney viscosity, coagulating .the 
mixed latices, washing and drying. '  
Yet another way of making the butadiene- 
acrylonitrfle rubbery copolymer of out invention 
comprises subjecting .butadiene and acryloitrile 
to emulsion polymerization in the presence of a 
suitable amount of a-cross-linking agent of which 
divinyl benzene is a typical example. The 
amount of the cross-linking agent emploYed and 
the other conditions of the emulsion pelymeriza- 
tion can easily be adjusted in the light Of this 
specification and particularly in the light of Ex- 
,ample ll J.elow« so as to produce a copolymer 
product having the values for gel content, :el 
swelling index and Mooney viscosi.ty speclflêd 
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by us. More speciflcally, the amount of such 
cross-linking agent should» in general, range from 
0.75 to 2.0% by weight based on the weight 
oï other monomers present, riz., butadiene and 
acrylonitrfle. The polymerization should be con- 
ducted in the presence of a suitable amount of a 
modifier, especially one of the mercaptan type. 
When the teachings of Schoene 2,474,807 are 
ployed fo make butdiene-acrylonitrile rubbery 
copolymers, the product does hot have the ]0 
properties o£ out copolymer but is deficient in 
one or more respects and it is necessary fo de- 
part rom the teachings of Schoene by increas- 
ing the amount of cross-linking agent to sub- 
sfantially above the upper limit specifled by 15 
Schoene in order fo produce a product having the 
properties specified by us. 
it .has been round further that when a cross- 
linking agent, such asdivinyl benzene, is added 
at he start of the emulsion polymerization, the 
product obtained usually contains from about 90 
to 100% methyl ethyl ketone-insoluble gel hav- 
ing a swelling index of not over 35. If is a serious 
limitation of this method that it cannotbe con- 
trolled so as fo give values for such gel content 25 
above 40% and materially below 90%. This 
limits the flexibflity of the procedure. If if is de- 
sired to make a rubbery copolymer having such a 
gel content, if is necessary to mix the product 
with a low-gel rubbery butadiene-acrylonitrile 30 
copolymer. Such a method may be deemed unde- 
sirable because of the complication involved. 
Furthermore, when the crosslinking agent is 
added initially, the process tends fo give erratic 
results. If has been round that these disadvan- 35 
tages can be overcome and that a.copolymer hav- 
ing any desired gel content between 40 and 80% 
and otherwise conforming to our invention can 
be consisteritly produced by initiating the emuI- 
sion polymerization of the butadiene and acrylo- 40 
nitrile in the absence of the cross-linking agent 
and, after copolymerization has proceeded fo a 
certain predetermined extent, say 25 fo 50% con- 
version, adding the cross-linking agent and con- 
tinuing the copolymerization fo the desired ex- 45 
tent Of conversion. This delayed addition of the 
cross-linking agent is the subject of copending 
application of Hendrik Romeyn, Jr. and Charles 
D. McCleary, Serial No. 192828» flled Oct0ber 28, 
1950. 
When-the rubbery copolyme} of out inventi(m 
is made by emulsion polymeriZation in thè pres- 
ence Of a cr0ss-limking agent, we Use the same 
relative proportions bf butadiene and acrylo- 
nitrile in the monomer charge that woUld yield 
a rubbery copol#mer ff the cross-linkingagent 
were hot used. Commonly we employ relative 
proportions of butadiene and acrylonitrfle giv- 
ing a product containing from 15 to 45% 
bound acrylonitrile and correspondingly from 
85 to 55% of bound butadiene, disregarding the 
few per cent of bound cross-linking age.nt. 
AII përcentages and parts specifld herein 
ae by Weight. 
The following examples are given to il]ustrate 65 
the invention. 
Exampe i 
A commercial grade of butadiene-acrylord- 
trile copolymer (known as "Paracril 35NS90") 70 
containing about 35% by weight of combined 
acrylonitrile was milled for 10 minutes on a cold 
open rubber mfll (125 ° F.). The appearance of 
the material at this stage was extremely coarse 
anl lumpy and the material was totally Un- 75 

sutable for calendering or extrusion operaflong. 
The temperature of the mil1 rolls Was thén in- 
creased to 330 ° F. and the material was hot 
mflled at this temperature for 75 minutes. After 
this treatment, the rubbery copolymer could be 
milled to a perfectly smooth uniform sheet and 
could be readilyextruded fo form slnooth shaped 
articles. The following table summarizés the 
properties of the butadiene-acrylonitrfle copoly- 
mer before and after treatïnent: 

1vinutes on Cold Mill (12  F.) ............... 
1Vinutea on Hot 1Vill (330 
hoEethyl Ethyl Ketone-tnseluble Gel Centent, 
percent ...................................... 
Swolling Index of Gel, Measured in MEK ..... 
Moon6y Viscosity (212  F.) ................... 
Appearance of Millod Shoet ................... 

tedted 
0 
....... 
reugh 

Hot 
Milled 
10 
75 
12 
smooth 

The gel content and swelling index were de- 
termined in peroxide-free methyl ethyl ketone 
as explaind previously. 
Portions of the untreated and the hot-milled 
synthetic rubber copolymer were compounded 
according to the following formulation, andafter 
vulcanization for various rimes the physical 
properties were as indicated in the table below: 
Parts by weigh- 
Butadiene-acrylonitrile copolymer ___-_ 100 
Zinc oxide ............................. 5 
Stearic acid ........................... 1.5 
Benzothiazyl disulfide ................... 1.25 
Su]fur ................................. 2 
Wyex (carbon black) .................. 100 
Coal tut (plasticizer) .................. 40 

Cured 30' at 287 ° F.: 

2, I00 

Tensile, p. s. i ............................. 
Stress at 200% elongatlon, p. s. i ........... 
EIongation at break, percent .............. 
Cured 60' at 287  F.: 
Tensile, p. s. i ............................. 2, 050 
Stress at 200% elongation, p. s. i ........... 1,150 
Elongation at break, portent .............. 475 
Cured 120  at 287  F.: 
Tensile, p. s. i ............................. 2, 200 
Stress at 200% elongàtion, p. s. i ........... 1, 400 
Elongation at break, percent .............. 430 

.. Hbt 
Milled 

2, loi) 
1; 450 
2, 050 
1, 500 
275 
2, 700 
255 

50 
From the above data if is seen that the vul- 
canizate derived from the rubbery' copolymer 
hot-milled according fo the present invention 
has good physîcal properties, and exhibits an 
5 appreciably higher modulus than the vuldàniZate 
obtained from the untreated elastomer0 a de- 
sirable charaCteristic in certain applications. 
Example 2 
6O Portions of the untreated and the hot milled 
rubbery butadlene-acrylonitrile copolymer ob- 
tained in Example 1 were mixed (unVu]Canized) 
with a resinous styrene-acrylonitrile copolymer 
derived Irom a monomer charge dontaining 
about 70% by weight oî styrene and 30% Of 
rylonitrfle. The weight proportion of rubber to 
resin in the mixtures was 30 fo 7O. The mix- 
tures were prepared by banding the thermo- 
plastic resin on a mil1 at 300-320 ° F., then add- 
ing the rubber and blendflug thoroughly af the 
same temperature (10-12 minutes' total milling 
rime). The appëarance of the mixture prepared 
from the untreated rubber was very Æough, wlth 
relatively high shrinkage. In contrast to this 
tlle hot milled rUbbèr-resin mlxtïre of this 
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Vention was quite smooth and glossy, with sub- 
stantially less shrinkage. The physical pro- 
perties of the two rubber-resin mixtures were as 
follows: 

Tensfle strength, p. s. i .................. 
Elongation ut break, percent ........... 

Rubber-Resin Mixtures 
Prepared From-- 

Untreated Hot Mflled 
Rubber Rubber 
4, 500 5, 600 
23 85 

The improvement in phYsical properties of the 
mixture prepared from the rubber hot milled ac- 
cording fo this invention is ividint from these 
data. 
When samples of rubber-resin mixtures pre- 
pared from the treated and the untreated rub- 
ber and containing vulcanizing agents are vul- 
canized in the conventional manner, similar 
lmproviments in physical properties are observed. 
Example 3 
In this example, we used a commercial buta- 
diene-acrylonitrile rubbery copolymer o£ te type 
known as "Paracril 26NS60" which contained 
about 26% o£ combined acrylonitrile and as re- 
ceived had the £ollowing characteristics: 
Mooney viscosity at 212 ° 1 ........... :_ 56 
MEK-insoluble gel content, percent .... 0 
Swelling index of gel in MEK 
Appearance on mill .................... Rough 
Airer hot milling on the open rubber mill at 
300°-330 ° F. fo the first minimum in the Mooney 
viscosity curve, the copolymer bas the £ollowing 
characteristics: 
Mooney viscosity ai 212 ° F ............ 46 
MEK-inæoluble gel content, percent .... 0 
Swelling index o£ gel in MEK 
Appearance on mill ................... Smooth 
Ater continued hot milling in the saine man- 
ner to the maximum in the Mooney viscosity 
curve, the copolymer has the ollowing charac- 
teristics: 

14 
Mooney viscosity at 212 ° F .............. 52 
MEK-insoluble gel content, percent ..... 31 
Swelling index of gel in M_EK ........... 30 
Appearance on mill .................... Rough 
5 
Upon continning hot milling in the saine way 
fo the second minimum in the Mooney viscosity 
curve, the copolymer has the following charac- 
teristics: 
10 Mooney viscosity at 212 ° 1  ............ . 45 
MEK-insoluble gel content, percent .... 55 
Sv/elling index of gel in MEK ......... 18 
Appearance on mill ................... Smooth 
]  Thirty parts of the copolymer which bas been 
milled to the second minimum are blended wtth 
70 parts by weight o£ a styrene-acrylonitrtle 
resinous copolymer (containing 26% o£ bound 
acrylonitrile) to a uni£orm homogeneous mixture, 
which is then sheeted and plied up in the usual 
way. The product bas the £ollowing physical 
properties: 
Tensile, p. s. i ........................ 4070 
Impact, Izod notched at 25 ° C .......... 10.4 
25 Impact, Izod notched at --20 ° C ....... 4.1 
Hardness, Rockwell, L Scale .......... 45 
Appearance of mixture on mill ......... Smooth 
It ls noteworthy that a Mooney viscosity 
56 (the value that the rubber used in this ex- 
30 ample had initially) îs about as low as 
tical for a commercial elastomer, since a lower 
initial Mooney in ordinary butadiene-acryloni- 
trile rubber would result in impaired physical 
properties as Well as difiiculties in storage and 
35 shipping (due.to the great tendency to consoli- 
date and fiow together). Nevertheless, te hot 
milled product marie by this example and having 
a Mooney of 45 exhibits greatly improved proper- 
ries and can be satis£actorily shipped, stored and 
40 handled. 
Examples 4 to 6 
Example 3 was duplicated exactly except that 
three different lots o£ commercial butadi- 
45 ene-acrylonitrile rubbery copolymer known as 
"Paracril 35NS90" were used. The copolymers 
contained around 35% o£ bound acrylonitrile. 
The.£ollowing data were obtained. 

Example No ........... 

Tests on Rubber as Received: 
Mooney viscosity at 212 ° le_ __ 
MEK-insoluble gel Content, per cent ......... 
Gel Swelling Index (in IEK) ................. 
Appearance on Mill ..................... 
Tests on Rubber sfter Hot Mllling on 2-roI1-!I'- 
300°-330 ° le. fo flrst minimum in :¢ooney curvo: 
1Vfooney viscoslty st 212 ° l  ..................... 
ME K-insoluble er cent ....... 
Gel 
Tests on Rubber After Continuing Hot lflling fo 
maximum in looney curve: 
lYfooney viscosity af 212 ° le 
r cent ......... 
Gel 
App 
Tests on Rubber ufter Continuing Hot lflling fo 
second minimum in looney curve: 
lYfooney viscosity af 212 ° le .... 
MEK-insoluble Gel, per cent ........... 

Tests on Blend of Rubber Mflled to Second Low 
Mooney with ætyrene-Acrylonitrile Resin (con- 
tuining 26 per cent bound ucrylanitrfle) in ratio of 
30 parts rubber and 70 parts resin: 
Tensfle, p. s. 1 ......... 
Impact, Izod notched: 
ut 25 ° C 
at-O C ....................... 
Appearance of lVl'ixturo on lVlï11 .... _-__-_-ï-_'.'-ï: 

105 
0 

rough 

91 
0 
rough 

115 
41 
21 
rough 

75 
9 
smooth 
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Example 7 
 The commercial butadiene-acrylonitrile rub- 
bery copolymer known as Paracrfl 35NS90. was 
ground in a 3A Banbury mixer at 330°-360 ° F. for 
125 minutes. The initial Mooney viscosity was 
88. The charge was 140 pounds. The mastica- 
tiòn at elevated temperature caused a progres- 
sive building up of MEK-insoluble gel content 
with a concurrent decrease both in the swelling 

subjected te extraction with methyl ethyl ketonè. 
The resulting extract was evagorated te remove 
he solvent and leave the sol portion of the tub- 
ber. Samples of the insoluble gel frac,tion, the sol 
fraction, and hot milled rubber belote extraction 
were examined and were blended as before, in a 
35/65 ratio with a styrene-acrylonitrile resin con- 
taining 26% ofbound acrylonitrile. The data are 
as follows: 

Tests on Rubber: 
1Vooney viscosity at 212 ° F ............... 
,IEl(-Insoluble Gel, per céut 
Gel Swelling Index ...... : ................ _ 
Appesrance on Iill ....................... 
Tests on Resin-Rubber IHxtures: 
Tensile strength, p. s. i 
Izod notched impact, ft. lbs.fiu.: 
at 25 ° C ............................... 
at -- 20 ° C ............................. 
Rockwell ]ardness, L Scale .............. 
Appehrance of IIilled Sheet 

°t 1 
Milled 
ubber 
50 
50 
20 
smoeth 

4, 460 
11.9 
1.2 
39 
smeoth 

lIEK-Insol- 
uble Gel Sol Frac- 
Fractiou of tion of Hot 
]ot lVilled hoEilIed 
Rubber Rubber 
76 ............ 
I00 0 
smooth Too sort te 
mill 
4, 520 2, 120 
10.0 9.1 
2.5 1.8 
44 18 
smeoth very 
smooth 

index of this gel and in the sol viscosity (intrin- 
SC viscosity Of MEK-soluble portion), in these re- 
spec_ts.duplicating hot milling on the rubber mill. 
 Howevek, we noted one significant difference, 
namely, the non-sinusoidal variation or loga- 
rithmic decrease in .the Iooney viscosity which 
occurred in te Banbury. 
Thir.ty-five part. samples of the rubber were 
withdrawn at intervals and blended with 65 parts 
of a styrene-acrylonitrfle resin containing 26% 
of bound acrylonitrile, and the physical proper- 
ties of the resulting mixtures were determined. 
The data on the rubber and the mixtures were as 
foll0ws: 

This example shovs that while the hot milled 
rubber was an excellent material and gave an 
excellent resin-rubber mixture, yet, if desired, 
the gel Content thereof could be increased up 
35 00% by partial or complete fractionation by s01- 
ven extraction. 
Exdmple 9 
4o This example fllustrates a method of attaining 
the results of the present invention by subjecting. 
a butadiene a.nd acrylonitrfle emulsion copolymer 
latex te heat softening, followed by hot milling of 
the recovered rubber. Into a ten-gallon stain]ess 

Tlme of Grinding Rubber at 330o-360 ° 
 F. in -Banbury--(minutes) 
Properties of Rubber: 
1VfEK-insoluble Gel, per ceut ........ 
 " Gel Swelliug Index in lYEK ........ 
Vtscesity of Sel 
1Vfooney viscosity of Rubber ai 212 ° 
Physical Properties of 65/35 Resin-Rnb- 
'ber lVHxtures: 
Teusfle, p. s. t 
Elongation, per ceut. 
Impact, Izod Notehed: 
at Room Temperature ........... 
at --20 ° C 
Roekwell Hardnes, L Scale ......... 

ple A 

0 
7.2 
216 
1.37 
88 

3,170 
61 
15.1 
0.75 
50 

Sflm- 
pie B 

28 
21 
52 
0.94 
82 

3, 680 
.50 

15.4 
0.87 
58 

Sain- Sam- 
ple C ple D 
60 93 
37 41 
25 16 
0.81 0.78 
4, 220 4, 330 
69 80 
15.0 14.6 
0.88 0.85] 

S ara - 
ple E 
12 
4 
0.7 
4,3 
14. 
1. 

It will be seen that, as mastication is continued, 
the resin-rubber mixtures show a gradua.1 in- 
cease in tensile strength, elonga.tion at break, 65 
and hardness. Room temperature notched im- 
lJact strength remains substantially constant at a 
maximum value. 
Examle 8 70 
In this example we first milled the commercial 
copolymer known as Paracril 35NS90 on a two- 
roll rubber mill at temperatures ranging frein 
30.0. t30 ..F. until its viscosity had attained the 
second minimum. The_ milled rbber_then_ was. 75. 

steel autoclave were charged the following ma.te- 
rials: 
Butadlene ............................... 65 
Acrylonitrile ............................ 35 
iVIixed eertiary mercaptans ................ 0.10 
Lauryl mercaptan ........................ 0.10 
Tertiary hexadecyl mercaptan ............. 0.10 
Potassium peroxy disulfate ................ 0.50 
Diamyl sulfosuccinati .................... 5.0 
Waer .................................. 200 
Polymerization was effected by maintaining the 
i_nt.e_ra.! temperature of the autoclave at 50 ° C. 
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ïor 36 hours. After the flrst 21 hours of reaction, 
ïurther quantifies of mercaptans and Persulfate 
were added, in amounts equal fo the amounts 
originaHy charged. Af 36 hours the reaction was 
short-stopped by the addition of 0.6 part oï hy- 
droquinone. The total solids content was round 
to be .5.8%, corresponding fo 85% conversion. 
One-halï oï the latex was protected ïrom oxida- 
tion by the addition of 1.0 part of 2,6-ditertiary 
buty]-p-cresol, and the rubber was then flocced, 
washed, and dried in a vacuum oven. The rubber 
thus obtained had a very high Mooney viscosity 
as shown in the table below. The other halï oï 
the latex was stripped of unreacted acrylonitrile 
by vacuum af 40 ° C., and was then subjected fo 
a heat treatment in order to reduce the viscosity 
oï the rubber therein. To 100 parts oï the latex 
were added 2.0 parts of diamyl sulïosuccinate, 
and 3 parts oï phenyl-beta-naphthylamine. This 
latex was then heated in an autoclave for 8 hours 
at 130 ° C. whfle an air pressure oï 80 fo 100 
p. s. i. was maintained over the lkluid in the auto- 
clave. The rubber in the thus treated latex was 
then recovered in the manner descrlbed above. 
The regular emulsion copolymer rubber and the 
heat soïtened copo]ymer rubber thus produced 
were then hot milled on an open roll mfll af 300 ° 
to 330 ° F. as indicated in the ïollowing table, 
which also shows the physical properties of the 
rubber af various stages, as we]l as tests on blends 
of the rubber with styrene-acrylonitrfle resin. 

data also show that hot milling this material did 
not improve if, since the Mooney rose still higher 
(fo 152) and then Went down (fo 96) but the 
product was still unsatisfactory even though if 
5 had a high gel content (74). The data show 
that in contrasts the copolymer which had been 
heat-softened in latex form was readily converted 
by hot milling fo a form exhibiting the desirable 
characteristics discovered by us. The heat- 
10 softening of the copolymer in latox form lowered 
the Mooney from 131 fo 92 and otherwise changed 
the copolymer so that upon hot milling if was 
changed into a smooth processing material. 
15 Example 10 
In this example, two rubbery butadiene-acrylo- 
nitrile copolymer latices were taken. One latex 
(A) had been carried in the polymerizer to ex- 
treme!y high conversion so that the copolymer 
2o had an extremely high Mooney (over 150) and a 
high gel content. The other latex (B) contained 
copolymer of extremely low Mooney and zero gel 
content. These two latices were blended and 
coagulated, the rubbery copolymer contained 
05 therein being washed and dried in the usual way. 
The relative proportions in which the two latices 
were blended were such that the coagululn con- 
tained 70% of the copolymer from the A Iatex 
and 30% from the B latex. This coagulum is 
3O designated C hereinafter. Samples of the 
coagula from the A and B latices and of the 

Run A 
(Regular 
Emulsion 
Copolymer) 

Test on Initial Copolymer: 
iooney Viscosity ai 212 ° F .................... 131 
iEt-Insoinble Gel, Per cent ................. 56 
Gel Swelling Index (in iEt) ................. 27 
Appernce on M:fll ........................... very rough 
Tests on Copolymer After Hot Mflling on Open 
M:fll at 300°-330 ° P. to M:ooney maximum: 
iooney viscosity at 212 ° F .................... 152 
iEt-Insoinble Gel, Per cent ................. 45 
Gel Swelling Index (in iEt) ................. 11 
Appearance on Mill ........................... very rough 
Tests on Copolymer after Continued Hot lIilling 
to Second minimum in Mooney Curve: 
Mooney viscosity at 212 ° F .................... 96 
MEt-insoinble Gel, Per cent ................ 74 
Swelling Index ............................... 11 
Appearance on M:ill ........................... rough 
Tests on 70/30 Resin-Rubber Mlx Using Styrene- 
acrylonitrfle Resin (26% acrylonitrfle) and using 
Rubber which had been milled to second low 
ooney: 
Tensfle, p. s. i ................................. 5, 180 
Impact, Izod notched: 
at 25 ° C ................................... 13. 7 
a o 
t--20 C .................................. 
Hardness, L Scale ........................... _ï --- _ï-_ ....... 
Appearance on 1Iill ........................... " ..... -l" 

Run B 
(Heat-Softened 
Emulsion 
Copolymer) 

92 
41 
34 
rough 

102 
21 
rough 

57 
52 
18 
smooth 

4, 980 
11. 7 
1.6 
........ --£--j 

The data show that the Mooney viscosity of the 
un-heat-softened copolymer was much too high 
(131) and although the gel content was high 
(56) and the gel swelling index low (27), never- 
theless if was hot a satisfactory product. The 

coagulum from the mixed latices .(designated C) 
were examined. Samples of A and C were 
blended in a 35/65 ratio with a styrene-acrylo- 
nitrile resin containing 26% of bound acrylo- 
60 nitrile. The data are as follows: 

Tests on Rubber Copolymer: 
ooney viscosity at 212 ° F ............... 
Et-Insoinble Gel, percent .............. 
Gel Swelling Index (in MEtç) ............ 
Percent Botmd Acrylonitrile .............. 
Appearance on Mill ....................... 
Tests on Rubber-Resin ixtures: 
Tensile 
strength, p. s. i .................... 
Izod Notched Impact Strength (ft. 
lbs./in.): 
at 25 ° C ............................... 
t --20 ° C ................. '_ 
ppearance of IVfflled 

A 
greater 
than 150 
89 
16 
33 
very 
rough 
4, 370 

10. 0 
1.0 
very 
rough 

B 
]ess than 
10 
0 
33 
too soft to 
mill 

64 
52 
17 
33 
smooth 

4,310 

1l. 2 
1.4 
smooth 
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This example shows that one way of obtaining polymer containing 24 te 26% bound acrylonitrile 
rubbery butadiene-acrylonitrfle copolymers re- in proportions of 35 parts of rubbery copolymer 
sponding to our invention comprises admixing a with 65 parts of resin gave mixtures which were 
latex of a rubbery butadiene-acrylonitrile copoly- very satisfactory. 
mer which has teo high a Mooney viscosity with 5 The data are as follows: 

Polymerization Variables: 
Divinyl Benzene.- 
Dodecyl Mercaptan.-. 
h{ixed Tertiary Niercaptans .............. 
Per Cent Conversion of honomers 
&crylonitrfle Content of Rubbery Copol- 
ymer_. 
Physical Tests on Rubbery Pelymer After 
ltoEilling for 3 Niin. at 320 ° F: 
Niooney viscosity it 212 ° F ............... 
NiEK-Inso]ub]e Ge] Content, Per Cent._ 
Gel Swe]]ing Index (in EK) ............ 
Processing 
Physical Tests of 65/35 Resin-Rubber Niix- 
ture: 
Tensile strength.. 
Flexura] strength_. 
Flexural -¢[ odulus 
]£1ardness, Rockwell L .................... 
Impact, Izod Notched at: 
25 ° C. 
--20 ° C 
Proeessing o Mixed Stock ................ 

A 

0.1 
0.6 
84 
31.6 

110 
75 
22 
rough 

4,140 
6, 300 
206, ooo 
42 
16.0) 
rough 

Polymers Within Schoene Patent 

, Polymcr 
Within 
Present 
Invention 

B 1 C D I E F G 
0.1 0.1 0.5 0.5 0.5 1.0 
.............. 0.6 0.8 1.2 0.8 
, 1,0 I ..4 ........... ..................... , .......... 
84 i 85 86 83 89 85 

35.5 33.0 
115 54 
67 0 
19 
rough rough, 
tacky 
4,110 2, 260 
5, 860 8, 740 
252, 000 143, 000 
44 5 
15.9 16.4 
1.1 3.0 
rough rough, 
tacky 

150 
89 
10 
smooth 

4, 030 
7, 000 
208, 000 
48 

4.9 
1.2 
smooth 

36.0 34.8 
150 118 
90 95 
17 9 
smooth smooth 
4, 510 4, 420 
6, 980 6, 930 
218, 000 204, 000 
52 52 
1.5 : 0.8 
0.8 0.8 
smooth smooth 

29.9 

8 
17 
smooth 

4,03C 
6,11 
199, 
12. 
I.] 
smooth 

a latex of such a copolymer having toc low a 
Mooney viscosity and toc low a gel content, co- 
agulating the resulting mixture and solidifying or 
compacting the resulting coagulum in the con- 
ventional manner. 
At this point it may be stated that, when con- 
ventional practice in making butadiene-acrylo æ 
rdtrile rubbery copolymers is followed, copolymers 
having a Mooney viscosity higher than about 105 
are obtained only by carrying the polymerization 
te very high conversion, with the concurrent for- 
mation oï substantial amounts of tight gel during 
the final stages. However, such a product is of 
little value unless it is processed as indicated in 
Example 9 or Example 10, either by heat-soïten- 
ing in the latex form or by blending witah a low 
Mooney, non-gelled rubbery copolymer. 
ExampZe 11 
In this example, butadiene and acrylonitrile in 
the proportions commonly used te make rubbery 
copolymers thereof were subjected te emuision 
polymerization in the presence of divinyl benzene 
as a cross-linking agent. Six runs, namely runs 
A, B, C, D, E and F, were carried out following 
the teachings oï Schoene Patent 2,474,807. In 
runs A, B and C 0.1% of divinyl benzene (based 
upon the monomer charge) was used, while in 
runs D, E and F 0.5% of divinyl benzene was 
used. The type .and amount of mercaptan modi- 
fier used were varied. However, the product ob- 
tained was in every case deficient in one or more 
respects. Thus, runs A, B, D, E and F all gave 
a product having toc high a Mooney viscosity, 
even though the product of runs D, E and F was 
smooth-processing. The product of run C con- 
tained no tight gel. 
In another run, designated G, which was outside 
the teachings of the Schoene patent, the amount 
of divinyl benzene was increased te 1.0%. Un- 
like runs A te F, run G gave a product which 
had the characteristics specified by our inven- 
tion and was smooth in processing and when 
mixed with a styrene-acrylonitrfle resinous ce- 

It should be pointed out that runs D, E and F, 
in which the divïnyl benzene was raised te the 
upper limit specified in the Schoene patent, gave 
35 products having excessively high Mooney vis- 
cosity, even though the gel content and gel swell- 
ing index were within the ranges spechîed by our 
invention. Products having such high Mooney 
viscosity are deïmitely unsatisfactory. It wfll 
40 aise be noted that the resin-rubber blends made 
with these rubbery copolymers were decidedly 
deficient in impact itrength at room tempera- 
ture. 
Ezampe 12 
45 Into a 10-gallon stainless steel autoclave were 
charged 946 g. of a 28.5% paste of commercial 
sodium cetyl sulfate (3 parts) dissolved in 11,940 
ml. (140 parts total) of deionized water. Then 
3920 ml. (35 parts) of acrylonitrfle were added, 
50 followed by 105 ml. (1.00 part) of tertiary dodecyl 
mercaptan and 23.9 ml. of 71.9% cumene hydro- 
peroxide solution (0.20 part). Finally, 5850 g. 
(65 parts) of butadiene were added. The inter- 
nal temperature of the autoclave was raised te 
55 40 ° C. Samples of the reaction mixture were re- 
moved at hourly intervais and the total solids 
content was measured. At 6.5 hours, 15.8% total 
solids content (28% conversion) was reached; 
6O 224 ml. of a 44% solution of divinylbenzene (1.0 
part) were charged te he autoclave, and the 
polymerization was continued. At 17 hours 
(total) 34.3% total solids content was reached 
(74% conversion). The batch was cooled and 
65 excess butadiene was vented. The latex was 
withdrawn into glass vessels and 180 ml. of a 10% 
emulsion of dinitrochlorobenzene (0.2 part) was 
added te the latex as a shortstop. The latex was 
transferred te a tank equipped with a stioEer, and 
7O 90 g. (1.0 part) of 2,6-di-tert.-butyl-p-cresol in 
alcohol were added as an antioxidant. A solu- 
tion of CaCh was added te fiocculate the latex 
te a crumb. The crumb was washed several 
rimes, then dried at 60 ° C. in a vacuum oven. T'ne 
75 Mooney viscosity of the polymer was 47. The 
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polymer contained 30.4% of combined acryloni- 
trfle. Analysis showed the presence of 62% of 
gel with a swelling index of 32, measured in 
methyl ethyl ketone. The intrinsic viscosity of 
the soluble fraction was 0.57, measured in the 5 
saine solvent. 
Tests were conducted in ortier te determine the 
relationship between the tight gel content of the 
rubbery copolymer of out invention and the prop- 10 
erties of the ultimate product, particularly the 
shrinkage characteristics. In this series of de- 
terminations, we used three types of butadiene- 
acrylonitrfle rubbery copolymer. Copolymer A 
was a sample of the commercial material known 15 
as aracril 35NS90. Sample B was the same as 
sample A but had been milled ai 300 ° te 340 ° F. 
on the open rubber mfll until it had reached the 
second lYIooney minimum, ai which point if had 
an MEK-insoluble gel content of 48%, a lYIooney 20 
viscosity ai 212 ° F. of 51 and a gel swelling index 
of 20, and smooth processing characterist{cs. 
Sample C was a sample of copolymer ruade by 
run G of Example 11, namely a butadiene- 
acrylonitrile copolymer cross-linked during 25 
emulsion polymerization by the use of more 
divinyl benzene than is contemplated in the 
Schoene patent mentioned above. Each of these 
three samples was banded on the two-roll rub- 
ber mfll and a length of 20.8 inches (which was 30 
equal te the circumference of the roll) was cut 
off after good banding had been attained. These 
lengths were thon allowed te cool while in a re- 
laxed state. The length of the cooled strip was 
measured and frein this the percent of shrink- 35 
age was calculated. The data were as follows: 

Sample A--Pm'acril 35NS90 As lqe- 
ceived .............................. 
Sample B--Paracril 35NS90 ]ot- 
milled te second Mooney mini- 
Sample C--Divinyl benzene 
Cross-linked copolymer having a 
Mooney of 66 and an MEI-insol- 
uble Gel Content of 89, Gel Swell- 
ing Index 17 ....................... 

itself and in the unvulcanized state a methyl 
ethyl ketone-insoluble gel content of from 40 te 
100% by weight, said gel having a swelling index 
of frein 8 te 35 in methyl ethyl ketone and being 
incapable of conversion te a soluble state by mill- 
ing, said copolymer having by itself and in the 
unvulcanized state a NIooney viscosity ai 212 ° 
F. of frein 40 te 80, and a normally inelastic ther- 
moplastic resin selected frein the group consist- 
ing of polyvinyl chloride, copolymers contain- 
ing a major proportion of vinyl chloride and a 
miner proportion of a copolymerizable monomer, 
and copolymers of a major proportion of a 
styrene selected frein the group consisting of 
styrene, alpha-methyl styrene, para-methyl sty- 
rene, alpha-methyl para-methyl styrene and nu- 
clearly chlorinated styrenes and a miner propor- 
tion of acrylonitrile, said thermoplastic resin 
comprising ïrom 25 te 90% by weight and said 
rubbery copolymer correspondingly comprising 
frein 75 te 10%, said last-named percentages 
being based on the sum of the weights of said 
rubbery copolymer and said rein. 
2. A composite thermoplastic homogeneous 
mixture of a normally elastic rubbery butadiene- 
acrylonitrfle copolymer having a combined 
acrylonitrile content of from 15 te 45% and hav- 
ing by itself and in the unvulcanized state a 
methyl ethyl ketone-nsoluble gel content of 
from 50 fo 75% by weight, said gel having a 
swelling index of from 10 te 25 in methyl ethyl 
ketone and being incapable of conversion te a 
soluble state by milling, said copolymer hav- 
ing by itself and in the unvulcanized state a 
Mooney viscosity at 212 ° F. of frein 45 te 75, and 
a normally inelastic thermoplastic resin selected 

] Length of Banded I Shrinka .- 
MEI- ] Sample I " u 
insol. Gel[ --I 
Gontent, [ -- [ ] 
Per cent ! On Mill, lelaxed, ! -o Per 
20, 8 6, 9 13, 9 66 
48 20.8 13, 5 7, 3 35 
89 20, 8 17, 5 3, 3 16 

From the foregoing it wfll be seen that our in- 
vention provides a new and highly advantage0us 
ferre of rubbery butadiene-acrylonitrfle copoly- 
mer which net only pro.cesses much more easily 
but upon admixture with thermoplastic resins 
gives products having greatly improved physical 
characteristics. Such rubber-resin compositions 
manifest higher tensile and elongation and are 
free from the surface roughness which bas been 
a serious defect in resin-rubber blends of this 
type as heretofore marie. Numerous other ad- 
vantages of our invention will be apparent from 
the foregoing description. 
This application is a continuation-in-part of 
our copending application Serial No. 59,664, filed 
November 12, 1948, new abandoned. 
Having thus described our invention, what 
we claire and desire te protect by Letters Patent 
is: 
1. A composition of marrer comprising a nor- 
mally elastic rubbery butadiene-acrylonitrile 
copolymer having a combined acrylonitrile con- 
tent of frein 15 te 45% by weight and having by 

frein the group consisting of polyvinyl chloride, 
copo]ymers containing a major proportion of 
55 vinyl chloride and a miner proportion of a co- 
polymerizabli monomir, and copolymers of a 
major proportion of a styrene selected rom the 
group consisting of styrene, alpha-methyl sty- 
rene, para-methyl styrene, alpha-methyl para- 
60 methyl styrene and nuclearly chlorinated sty- 
renes and a miner proportion of acrylonitrile, 
said thermoplastic resin comprising frein 25 te 
90% by weight and said rubbery copolymer cor- 
respondingly comprising frein 75 te 10% of the 
65 rubber-resin mixture. 
3. A composite thermoplastic homogeneous 
mixture of a normally elastic rubbery butadiene- 
acrylonitrile copolymer having a combined 
acrylonitrile content of from 15 te 45% by weight 
70 and having by itself and in the unvulcanized 
state a methyl ethyl ketone-insoluble gel con- 
tent of frein 40 te 100% by weight, said gel hav- 
ing a swelling index of frein 8 te 35 in methyl 
ethyl ketone and being incapable of conversion 
75 te a soluble state by milling, said copolymer hav- 
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23 
ing by itself and in the unvulcanized state a 
Mooney viscosity af 212 ° F. of from 40 to 80, and 
a hard normally inelastic resinous thermoplastic 
copolymer of a major proportion of styrene and a 
minor proportion of acrylonitrile, said thermo- 
plastic resin comprising from 25 to 90 % by weight 
and said rubbery copolymer correspondingly 
comprising from 75 to 10% of the rubber-resin 
mixture. 
4. A composition of matter comprising a nor- 
mally elastic rubbery butadiene-acrylonitrile 
polymer having a combined acrylonitrile content 
of ïrom 15 fo 45% by weight and having by itself 
and in the tmvulcanized state a methyl ethyl 
ketone-insoluble gel content of from 50 to 75% 
by weight, said gel having a swelling index of 
ïrom 10 to 25 in methyl ethyl ketone and being 
incapable of conversion fo a soluble state by mill- 
ing, said copo]ymer having by itself and in the 
unvulcanized state a Mooney viscosity ai 212 ° F. 
of from 45 to 75, and a hard normally inelastic 
resinous thermoplastic copolymer of a major pro- 
portion of styrene and a minor proportion of 
acrylonitrile, said thermoplastic resin comprising 
from 25 fo 90% by weight and said rubbery co- 
polymer correspondingly comprising from 75 to 
10%, said last-named percentages being based 
on the sum of the weights of said rubbery and 
resinous copolymers. 
5. A hard, tough, thermoplastic homogeneous 
mixture of a normally elastic rubbery butadiene- 
acrylonitrile copolymer having a combined 
acrylonitrile content of ïrom 15 to 45% by weight 
and having by itself and in the unvulcanized 
state a methyl ethyl ketone-insoluble gel con- 
tent of from 40 fo 100% by weight, said gel hav- 
ing a swelling index of from 8 to 35 in methyl 
ethyl ketone and being incapable of conversion to 
a soluble state by milling, said copolymer hav- 
ing by itself and in the unvulcanized state a 
lIooney viscosity at 212 ° F. of from 40 to 80, and 
a hard normally inelastic resinous thermoplastic 
copolymer of a major proportion of styrene and 
a minor proportion of acrylonitrile, said thermo= 
plastic resin comprising from 50 to 90% by weight 
and said rubber copolymer correspondingly com- 
prising from 50 to 10% of the rubber-resin mix- 
ture. 
6. A hard, tough, thermoplastic homogeneous 
mixture of a normally elastic rubbery butadiene- 
acrylonitrile copolymer having a combined 
acrylonitrile content of from 15 fo 45% by weight 
and having by itself and in the unvulcanized 
state a methyl ethyl ketone-insoluble gel con- 
tent of from 50 to 75% by weight, said gel hav- 
a swellir index of from 10 to 25 in methyl ethyl 
ketone and being incapable of conversion to a 
soluble stateby milling, said copolymer having 
by itself and î-n the unvulcanized state a Mooney 
viscosity at 212 ° F. of from 45 to 75, and a hard 
normally ine!astic resinous thmnoplastic co- 
polymer of a major proportion of styrene and a 
minor proportion of acrylonitrile, said thermo- 
plastic resin comprising from 50 fo 90% by weight 
and said rubbery copolymer correspondingly 
comprising from 50 to 10% of the rubber-resin 
mixture. 
7. The process which comprises milling a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
polymer containing from 20 to 45% by weight of 
combined acrylonitrite at a temperature of from 
300 ° F. to 360 ° F. until it has a methyl ethyl ke- 
tone-insoluble gel content, of at least 40% by 
weight, said gel having a swelling index of from 
8 to 35 in methyt ethyt ketone and being in- 

24 
capable of conversion to a soluble state by mi]l- 
ing, and until said copolymer has a Mooney vis- 
cosity at 212 ° F. of from 40 fo 80. 
g. The process which comprises mflling a hor- 
S ma]ly elastic rubbeïy butadiene-acrylonitrile co- 
polymer containing from 20 to 45 % by weight of 
combined acrylonitrile ai a temperature of from 
300 ° F. to 360 ° F. until said copolymer bas a 
methyl ethyl ketone-insoluble gel content of 
10 from 50 to 75% by weight, said gel having a 
sweliing index of from 10 to 25 in methyl ethyl 
ketone and being incapable of conversion to a 
soluble state by millin, and until said copoly- 
mer bas a iVIooney viscosity af 212 ° F. of from 
15 45 to 75. 
9. The process which comprises milling a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
polymer containini from 20 fo 45 % by weight of 
combined acrylonitrite on an open rubber mi]l at 
20 a mill temperature of from 300 ° F. fo 340 ° F. until 
said copolymer has a methyl ethyl ketone-insolu- 
ble gel content of from 50 to 75% by weight, said 
gel having a swelling index of from 10 to 25 
methyl ethyl ketone and being incapable of con- 
25 version fo a soluble sta by milling, and until 
said copolymer has a Mooney viscosity at 212 ° F. 
of from 45 to 75. 
10. The process which comprises millini a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
30 polymer contai2ng from 20 to 45% by weight of 
combined acrylonitrile on an open rubber mil1 af 
a mill temperature oî from 300 ° F. to 340 ° F. untfl 
the Mooney viscosity of said copolymer ai 212 ° F. 
bas increased to a maximum value and thereafter 
35 has decreased to a value lower than said maxi- 
mum value and within the range of from 45 to 
75 and there bas been, simultaneously with the 
attainment of said lower Mooney viscosity value, 
built up in said copolymer a methyl ethyl ketone- 
40 insoluble gel content of from 50 to 75% by 
weight, said gel having a swelling index of from 
10 to 25 in methyl ethyl ketone. 
11. The process which comprises milling a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
45 polymer containing from 20 fo 45% by weight of 
combined acrylonitrile at a temperature of from 
300 ° F to 360 ° F. until if bas a methyl ethyl 
forte-insoluble gel content of af least 40% by 
weight, said gel having a swelling index of from 
50 8 fo 35 in methyl ethyl ketone and being inca- 
pable of conversion to a soluble state by milling, 
and until said copolymer has a Mooney viscosity 
af 212 ° F. of from 40 to 80, and combining the 
sulting rubbery copolymer with a normally inela- 
55 tic thermoplastic resin selected from the group 
consisting of polyvinyl chloride, copolymers con- 
taining a major proportion of vinl chloride and 
a minor proportion of a copolymerizable mono- 
mer, and copolymers of a major proportion of a 
60 styrene selected from the group consisting of sty- 
rene, alpha-methyl styrene, para-methyl styrene, 
alpha-methyl para-methyl styrene and 
clearly chlorinated styrenes and a minor pro- 
portion of acrylordtrile, said thermoplastic resin 
65 comprising from 25 fo 90% b: weight and said 
rubbery copolymer correspondingly comprising 
ïrom 75 to 10% of the rubber-resin mixture. 
12. The process which comprises milIing a nor- 
mally eIastic rubbery butadiene-acrylonitrile 
7{} polymer containing from 20 fo 45% by weight of 
combined acrylonitrile at a temperature of from 
300 ° F to 360 ° F. until it has a methyl ethyl ke- 
tone-insoluble gel content of af least 40% by 
weight, said gel having a swelling index of ïrom 
75 8 to 35 in methyl ethyl ketone and being inca- 
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pable of conversion fo a soluble state by milling, 
and until said copolymer bas a iVooney viscosity 
at 212 ° F. of from 40 to 80, and combining the re» 
sulting rubbery copolymer with a hard normally 
inelastic resinous theremoplastic copolymer of 
a major proportion of styrene and a minor pro- 
portion of acrylonitrile, said thermoplastic resin 
comprising from. 25 fo 90% by weight and said 
rubbery copolymer correspondingly comprising 
from 75 fo 10% of the rubber-resin mixture. 
13. The process which comprises milling a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
Polymer containing from 20 fo 45 % by weight of 
combined acrylonitrile af a temperature of from 
300 ° F. to 360 ° F. until said copolymer bas a 
methyl ethyl ketone-insoluble gel content of 
from 50 fo 75% by weight, said gel. having a 
swelling index of from 10 fo 25 in methyl ethyl 
ketone and being incapable of conversion to a 
soluble state by milling, and until said copolymer 
bas a iVooney viscosiçy af 212 ° F. of from 45 fo 
75, and combining the resulçing rubbery copoly- 
mer with a normally inelastic thermoplastic resin 
selected from the group consisting of polyvinyl 
chloride, copolymers containing a major pro- 
portion of vinyl chloride and a minor proportion 
of a copolymerizable monomer, and copolymers 
of a major proportion of a styrene selected from 
the group cormisting of styrene, alpha-meçhyl 
styrene, para-methyl styrene, alpha-methyl para- 
methyl styrene and nuclearly chlorinated sty- 
renes and a minor proportion of acrylonttrile, 
said thermoplastic resin comprising from 25 fo 
90% by weight and said rubbery copolymer cor- 
respondtngly comprising frora 75 to 10% of the 
rubber-resin mixture. 
14. The process which comprises milling a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
polymer containing from 20 fo 45% by weight of 
combined acrylonitrile aç a temperature of from 
300 ° F. fo 360 ° F. until laid copolymer has a 
methyl ethyl ketone-insoluble gel content of from 
50 fo 75% by weight, said gel having a swelling 
index of from 10 ço 25 in methyl ethyl ketone and 
being incapable of conversion fo a soluble state 
by milling, and until said copoymer has a 
iVooney vlscosity af 212 ° F. of from 45 fo 75, and 
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combining he resulting rubbery coPolymer with 
a hard normally inelastic resinous thermoPlastic 
copolymer of a major proportion of styrene and 
and a minor Proportion of acrylonitrile, said 
5 thermoplastic resin c0mprising from 25 to 90% 
by weight and said rubbery copolymer correo 
spondingly comprising from 75 to 10% of the rubo 
ber-resin mixture. 
15. The Process of making a hard, tough, ther- 
10 moplastic rubber-resin mixture which comprlses 
milling af a temperature of 300 ° to 340 ° F. a nor- 
mally elastic rubbery butadiene-acrylonitrile co- 
polymer of from 20 to 45% by weight of com- 
bined acrylonitrile until it has a methyl ethyl 
15 ketone-insoluble gel content of 50 to 75% by 
weight and a vlscosity of 45 fo 75 Mooney at 212 ° 
F., said gel having a swelling index in methyl 
ethyl ketone of 10 fo 25 and being incapable of 
conversion to a soluble state by milling, and coin- 
20 bining the resulting rubbery copolymer with a 
hard normally inelastic resinous thermoplastic 
copolymer of from 70 fo 80% by weight of sty- 
rene and correspondingly from 30 fo 20% of 
acrylonitrile and having an intrinsic viscosity of 
25 1 fo 2 in dimethylformamide said thermoplastic 
resin comprising from 50 to 90% by weight and 
said rubbery copolymer correspondingly comprls- 
ing from 50 to 10% of the rubber-resin mixture. 
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